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D script! n 

Field of the Invention 

This invention relates to functionalised tetra-aza macrocycles, to metal complexes thereof, to conjugate 
compounds containing the functionalised tetra-aza macrocycles and metal complexes thereof and to their 
use in diagnosis and therapy. 

Background to the Invention 



The attachment of metal ions to proteins, peptides and other, smaller molecules is a fast expanding 
technology, which has numerous proven and potential applications in research, in industry and, particularly, 
in medicine. 

In recent years, much of the impetus behind the development of this technology has been the ability to 
75 link metal ions to antibodies, especially monoclonal antibodies. Such metal labelled antibodies have found a 
widespread use, especially in medicine, where they have been employed, for example, to target the metal 
ions to a specific tissue type, both in vitro and in vivo . Thus, metal labelled antibodies have applications in 
locating specific tissue types (e.g. employing computer-aided tomographic techniques where the metal ion 
is in some way detectable) and in the treatment of ceil disorders (e.g. treating mammalian tumours where 
20 the metal ion is a cytotoxic radionuclide). 

Conventionally, attachment of the metal ion to a protein such as an antibody has been achieved by 
complexation by an acyclic chelate such as a substituted diethylenetriaminepentaacetic acid [Gansow O. A. 
et a], Inorg. Chem., (1986), 25, 2772] or ethylenediaminetetraacetic acid [Meares, C. F. et al, Acc. Chem. 
Res., (1984). 17, 202] covalently linked to the antibody. Such acyclic complexes however tend to be 
25 unstable in vivo either as a result of acid-catalysed decomplexation or competitive chelate binding by Ca 2+ 
or Zn 2+ in serum, or as a result of competition from transferrin [Moerlein, S. M. et al, Int. J. Nuc. Med. Biol., 
(1981) 8. 277], The lack of stability can result in uncomplexed metal atoms in the body which have a 
cytotoxic effect on healthy tissue (e.g. bone marrow) or which markedly reduce the signal-to-noise ratio of 
an imaging technique. 

30 A possible alternative to the use of acyclic chelates in the labelling of antibodies is the use of 
macrocyclic ligands, which has previously been suggested in broad terms [Gansow O. A. et al, Am. Chem. 
Soc. Symp. Ser. t (1984), 241, 215; UK patent Specification Publication No.21 22641; and Moi M. K. et al. 
Anal. Biochem., (1985), 148 , 249-253]. More recently, tetra-azamacrocycles have been described which are 
capable of binding metals, and which can be conjugated to antibodies (International Patent Application Nos. 

35 WO 87/05030 and WO89/01476; and Moi M. K. et al J. Am. Chem. Soc. t (1988), VU>, 6266). European 
Patent Application EP-A-01 97437 describes tetra-azamacroycyclic phosphonic acids for use in a photo- 
graphic process. 

We have now found a new class of functionalised tetra-aza macrocycles, members of which are able to 
form kinetically inert complexes with metal ions. The macrocycles of the invention are particularly useful for 
40 attachment to proteins, especially antibodies, to provide conjugate compounds capable of binding metals, 
with good association rates, to give complexes which are advantageously stable in vivo and which possess 
an advantageous biodistribution profile. 



Summary of the Invention 

Thus according to one aspect of the present invention we provide a compound of general formula (1): 
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wherein 

m and n, which may be the same or different, is each zero or an integer 1, 2, or 3; 
d is zero or an integer 1, 2 or 3; 
q is zero or an integer from 1 to 6 inclusive; 
5 R. R\ R 2 and R 3 , which may be the same or different, is each a hydrogen atom or a group -P(0)(XH)R* - 
(where X is an oxygen or sulphur atom and R 4 is a hydrogen atom or an alkyl or alkoxy group), with the 
proviso that at least one of R. R\ R 2 and R 3 is a -P(0)(XH)R* group; 
L is a covalent bond or a linker group; 

Z is a reactive functional group capable of reacting with a thiol, amino, carboxyl, hydroxyl, aldehyde 

to aromatic or heteroaromatic group; 

and metal complexes and/or salts thereof. 

In the compounds of formula (1). alkyl groups represented by R 4 may be for example Ci-calky! groups 
such as methyl or ethyl groups. 

Alkoxy groups represented by R 4 may be Ci -6 alkoxy groups such as methoxy or ethoxy groups. 

75 In general, compounds of formula (1) in which R, R\ R 2 and R 3 are the same and is each a group -P- 
(0)(XH)R 4 are preferred. Compounds of this type in which q is an integer from 1 to 6 inclusive, particularly 
an integer 1, are especially preferred. Particularly useful compounds of formula (1) are those wherein R, R\ 
R 2 and R 3 is each a group -P(0)(OH)H. -P(0)(OH)CH 3 .-P(0)(OH)OCH 3 or -P(0)(OH)OCH2CH 3 . In com- 
pounds of this type, q is preferably an integer from 1 to 6 inclusive, particularly an integer 1 . 

20 in the compounds of formula (1 ), it will be appreciated that the nature of the group L when it is a linker 
group may be varied widely without substantially affecting the usefulness of compounds of formula (1) and 
the metal complexes thereof. Thus L may be any suitable organic radical and may be for example an 
optionally substituted aliphatic hydrocarbyl chain, optionally interrupted by one or more heteroatoms 
selected from -O- or -S- or by one or more -N(R 5 )- (where R 5 is a hydrogen atom or a Ci~ 6 alkyl group), 

25 -CON(R 5 )-. -N(R 5 )CO-, cycloaliphatic. aromatic, or heteroaromatic groups. 

In the above definition, and in the same context whenever it appears below, the term "interrupted by" 
as applied to cycloaliphatic or aromatic groups is to be understood to also mean that these particular 
groups may additionally be present linked to the terminal carbon atom of the hydrocarbyl chain represented 
by L, at the opposite end of the chain to the carbon atom attached to the macrocycle. 

30 Thus, for example, L may be an optionally substituted straight or branched Ci - 2 oalkylene, C 2 -2oal- 
kenylene, or C 2 -2oalkynylene chain, optionally interrupted by one or more -O- or -S- atoms or Cs-scycloal- 
kylene (e.g. cylcopentylene or cyclohexylene), -12 aromatic (e.g. phenylene or substituted phenylene). 
Cs-ioheteroaromatic (e.g. furanyl, pyridyl), -N(R s h -CON(R 5 )- or -NfRfCO- groups. 

Examples of substituents which may be present on the chain L include halogen atoms, e.g. fluorine, 

as chlorine, bromine, or iodine atoms or groups selected from Ci-s alkoxy (e.g. methoxy or ethoxy), hydroxy, 
nitro. -N(R 6 )(R 7 ), [where R 6 is a hydrogen atom or a C1-6 alkyl group and R 7 is a Ci-ealkyI group; e.g. 
-NHCH 3 or -N(CH 3 ) 2 ], or substituted amido. e.g. a group of formula -(CH 2 ) n CON(R 8 )(R 9 ) [where n is zero or 
an integer 1 to 4 inclusive, R 8 is a hydrogen atom or a C1-6 alkyl group, e.g. methyl and R 9 is an optionally 
substituted Ci- 6 alkyl group]. 

40 Substituted alkyl groups represented by R 9 include for example Ci-b alkyl groups substituted by one or 
more halogen atoms, or nitro, amino or hydroxy groups. 

in general, in compounds of formula (1) the linker group is preferably an optionally substituted 
Ci-ioalkylene, (especially Ci-ealkylene such as methylene, ethylene, propylene butylene, pentylene or 
hexylene) C2-ioalkenylene or C 2 -ioalkynylene chain optionally interrupted by one or more -O- or -S- 

45 atoms or cyclohexylene, phenylene, substituted phenylene, -NH-, -N(CH 3 )-, -CONH-, -CONH(CH 3 )- -NHCO- 
or -N(CH 3 )CO groups. 

Particular examples of linker groups represented by L include, for example, -(CH 2 )d- (where d is an 
integer 1 to 4 inclusive), 



-(CH 2 ) d NHCO<CH 2 ).- (wher e is an integer 1 to 4 inclusive) and -(CH 2 )dNHCO(CH 2 )aOCH 2 -. 

The reactive functional group represented by Z in compounds of formula (1 ) may be any group capable 
55 of reacting with a thiol, amino, carboxyl, aid hyde, aromatic or heteroaromatic group. Aromatic groups 
includ , for xample, phenolic groups. Heteroaromatic groups include for example imidazolyl groups. 

Thus. Z may be. for exampl , a halogen atom, for exampl a chlorin , bromin or iodin atom or a 
group selected from -SH, -NH 2 , hydrazine (-NHNH 2 ) or a derivativ th r of, [for xample -N(CH 3 )NH 2 , 
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-NHCONHNKb, -NHCSNHNH2, or phenyl hydrazine], -NCO. -NCS. -COR 10 , [where R t0 is a haJogen atom 
such as a chlorine or bromine atom, or a N3. Ci-ealkoxy, e.g. methoxy, C6-i 2 aryloxy (e.g. nitrophenyloxy 
or dinitrophenyloxy), imidyloxy (e.g. succinimidyloxy) or imidazolyoxy group], imide, e.g. maleimide, a vinyl 
group of formula -Het 1 -C(Het a ) = CH2 (where Het 1 and Het 2 , which may be the same or different, is each a 
nitrogen containing heterocyclic group, e.g a pyridyl group or Het 1 is a nitrogen containing heterocyclic 
group of formula 



especially, 




or a dione of formula 




O 



(where R 11 is a Ci-# alky! e.g. methyl, group). 

Metal complexes of the compounds of formula (1) include complexes wherein the metal is di- or 
tripositive and has a coordination number 6 or greater, especially 8. Examples of such metals include 
indium (In), copper(Cu), lead (Pb), bismuth (Bi), yttrium (Y), gallium (Ga), terbium (Tb), gadolinium (Gd) and 
scandium (Sc). Y, Ga, Tb, Gd, Sc, and In are preferred, particularly In, Y, Gd and Ga. In general the metal is 
preferably a radioactive isotope. Yttrium, especially 90 Y, is particularly preferred. 

In general, optimum binding of the metal to the compounds of formula (1) may be achieved by 
selection of the ring size and where appropriate by adjusting the potential coordination number by choice of 
the group (CH 2 ) q R, -(CH 2 ) q R\ -(CH 2 ) q R 2 , and/or -(CH2) q R 3 . Thus a particularly important class of compound 
of formula (1) is that wherein d is an integer 1. Especially useful compounds are those wherein d is an 
integer 1, m is an integer 1 or 2 and n is an integer 1 or 2. In general, compounds of formula (1) in which 
-(CH2) q R, -(CHz)qR 1 . -(CH 2 )R 2 and -(CH^qR 3 is each -CH 2 P(0)(OH)R 4 - where R 4 is -H, CH 3 , -OCH 3 or 
-OCH 2 CH 3 are particularly useful. 

Salts of the compounds of formula (1) includ salts with bases, e.g. sodium or potassium salts, or acid 
addition salts such as hydrobromides or hydrochlorides. Pharmac utically acceptabl salts are particularly 
preferred. 
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An important group of compounds according to the invention has the formulae (1a): 




(la) 



wherein R, R\ R 2 , R 3 , L and Z are as defined for formula (1) and metal complexes and/or salts thereof. 

Compounds of this type in which R, R\ R 2 , and R 3 is each PJOXOHJR 4 where R 4 is -OCKfeCHa or, 
especially, -H or -CH3 are particularly preferred. 

q in compounds of formula (1 a) is preferably an integer 1 . 

Compounds of formula (1a) in which L is a linker group [particularly those specifically identified for 
compounds of formula (1)] are especially useful. 

Z in compounds of formula (1a) is preferably a reactive functional group, [particularly those specifically 
identified for compounds of formula (1)], especially a group of formula -NH2, -COR 10 , -Het 1 -C(Het 2 )=CH 2 , 
an imide or a dione of formula 



Indium, yttrium and gadolinium complexes of the compounds of formula (1a) are particularly useful. 

A further group of compounds of formula (la) which is particularly useful is that where in the 
compounds L is a covaJent bond and Z is a hydrogen atom. Gadolinium complexes of compounds of this 
type are preferred, particularly gadolinium complexes of compounds of formula (la) wherein q is an integer 
1; R, R\ H 2 and R 3 is each a group -PfOMOHJR 4 where R* is -H or -CH 3 , L is a covalent bond; and Z is a 
hydrogen atom. 

The compounds of formula (1) and the metal complexes and/or salts thereof have a diagnostic use as 
imaging agents in vitro and in vivo . The compounds of formula (1) and the metal complexes and/or salts 
thereof are also cytotoxic agents and may be of d in the treatment of abnormal cell disorders, for example 
in the treatment of tumours. For use as diagnostic and/or therapeutic agents, the compounds, may be 
employed using conventional methods, (e.g. for formulation and presentation) already in use for metal 
complexing reagents. 

For application of the compounds of formula (1) as imaging or cytotoxic agents, it is generally 
preferable to couple the compounds to other molecules such as proteins, especially antibodies, peptides or 
carbohydrates to form conjugate compounds, and the compounds of formula (1) are particularly well 
adapted for use in this respect. 

Thus, the compound of formula (1) may be coupled through any thiol, amino, carboxyl, hydroxyl, 
aldehyde, aromatic or heteroaromatic group present in the protein, peptide or carbohydrate. 

In a preferred aspect of the invention, we provide a conjugate compound which comprises a compound 
of formula (1) or a metal complex and/or salt thereof, coupled to an antibody. 

It is to be understood that a conjugate compound according to the invention may comprise more than 
one moiecuie of a compound of formula (1) coupled to any one protein, peptide or carbohydrate molecule. 
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In a particular aspect, the invention provides a conjugate compound of formula (2): 



w 



15 



20 



25 




L L-f>0s 



(2) 



■Ah 



—*1 

wherein m, n, d, q, R, R 1 . R 2 , R 3 . and L are as defined for formula (1); 

Z 1 is the residue of a reactive functional group capable of reacting with a thiol, amino, carboxyl, hydroxy! 
aldehyde, aromatic or heteroaromatic group; 
w is zero or an integer 1 ; 
z is an integer 1 or more; 

Ab is an antibody; and metal complexes and/or salts thereof. 

In the compounds of formula (2), the residue or a reactive functional group represented by Z 1 may in 
general be the residue of a reactive functional group Z as defined for formula (1). 

In particular, Z 1 may be for example -S-, -NH- -IMHN = , -N(CH 3 )N = , -NHCONHN = , -NHCSNHN = , -N- 
(Ph)N= (where Ph is phenyl), -NC(O)-. -NC(S), -CO, 




-Het 1 -C(Het 2 )CH 2 - or 



35 




The antibody in the conjugates of formula (2) may in general belong to any immunoglobulin class. Thus for 

40 example it may be an immunoglobulin M antibody or, in partiuclar, an immunoglobulin G antibody. The 
antibody molecule may be of animal, for example mammalian origin, and may be for example of murine, rat 
or human origin. It may be a natural antibody or a fragment thereof, or, if desired, a recombinant antibody 
or antibody fragment i.e. an antibody molecule or antibody fragment which has been produced using 
recombinant DNA techniques. 

45 Particular recombinant antibodies or antibody fragments include, (1) those having an antigen binding 
site at least part of which is derived from a different antibody, for example those in which the hypervariable 
or complementarity determining regions of one antibody have been grafted into the variable framework 
regions of a second, different antibody (as described in European Patent Specification No. 239400); (2) 
recombinant antibodies or fragments wherein non-Fv sequences have been substituted by non-Fv se- 

50 quences from other, different antibodies (as described in European Patent Specification Nos. 171496, 
173494 and 194276; or (3) recombinant antibodies or fragments possessing substantially the structure of a 
natural immunoglobulin but wherein the hinge region has a different number of cysteine residues from that 
found in the natural immunoglobulin, or wh r in one or more cysteine residues in a surface pock t of the 
recombinant antibody or fragment is in th place of anoth r amino acid residu pr sent In the natural 

55 immunoglobulin (as described in International Patent Applications Nos. WO89/01974 and WO89/01782 
respectively). 

Th antibody may be of polyclonal or, pr ferably. monoclonal origin. It may b specific for any number 
of antigenic determinants, but is preferably specific for one. The antigenic d terminants may be any hapten 
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or antigenic determinant associated with any antigen. Particular antigens include those associated with 
animals, e.g. humans, [for example normal animal tissue or organ cell-associated antigens, tumour cell- 
associated antigens (for example oncofetal antigens such as carcinoembryonic antigen or alphafeto protein, 
placenta! antigens such as chorionic gonadotropin and placental alkaline phsophatase, and prostate 
5 antigens such as prostatic acid phsophatase and prostate specific antigen) and antigens associated with 
components of body fluids such as fibrin or platelets], viruses, bacteria and fungi. 

In a preferred aspect the antibody may be capable of recognising and binding a tumour cell-associated 
antigen, particularly one or more epitopes on the TAG-72 antigen associated with human breast and colon 
tumours. A particularly preferred antibody of this type is the monoclonal antibody B72.3 [Colcher, D. et a] 
;o Proc. Nat. Acad. Sci. USA (1981), 78 3199] or a fragment thereof, particularly a F(ab')2 fragment. 

The antibody Ab will in general be coupled to the remainder of the conjugate of formula (2) (i.e. the 
macrocycle and linker) through any appropriate reactive atom or group, for example a nitrogen or. 
especially, sulphur atom, present in the antibody. It will be appreciated that any one antibody molecule may 
contain more than one reactive group capable of coupling with the macrocycle and linker. Thus, for 
75 example, z in the conjugates of formula (2) may be an integer 1 , 2, 3, 4, 5, 6 or more depending on the 
number of macrocycles linked to any particular antibody molecule or fragment 

Indium, and. especially, yttrium complexes of conjugates of formula (2) are particularly useful. 

It is to be understood that the definitions and preferences expressed for m, n, d, q, R, R\ R 2 , R 3 and L 
in compounds of formula (1), and for classes of compounds of formula (1) are also applicable to conjugates 
20 of formula (2). 

Particularly useful conjugate compounds according to the invention are those comprising a compound 
of formula (1a), or a metal complex and/or salt thereof, coupled to an antibody. The indium and, especially, 
yttrium complexes of these conjugates are especially important. 

The compounds of formulae (1) and (2) may be formulated for use in accordance with conventional 
25 practice, and thus according to a further respect of the invention we provide a composition comprising a 
compound of formula (1) or a compound of formula (2) or a metal complex and/or salt thereof, together with 
one or more pharmaceutically acceptable carriers. 

Particularly suitable compositions according to the invention are those adapted for parenteral admin- 
istration, especially intravenous administration. Suitable formulations of this sype include solutions of the 
30 compounds of formulae (1 ) or (2) in isotonic saline. 

The quantities of compounds of formulae (1 ) or (2) used in formulations according to the invention will 
vary according to the intended use (i.e. imaging or therapy) and other variables such as the intended cell 
target, but may be easily determined in accordance with conventional practice for reagents of this type. 

Compounds of the invention may be prepared by the following processes wherein the groups and 
35 symbols R. R 1 . R 2 , R 3 . m, n, d, q. L, Z, Ab and z are as defined for formulae (1) and (2) except where 
stated otherwise. Where a metal complex is desired as a final product, the complexation with a metal atom 
may be carried out as a final step in the production process, as described below for the complexation of 
compounds of formulae (1), or alternatively it may be desirable to complex the metal at an earlier stage in 
the process, providing of course that the requisite macrocycle structure is present. In the following 
40 processes, it may be desirable to use starting materials in which the group Z is in a protected state, or 
which contain a precursor of the group, as discussed below. 

Thus, according to a further aspect of the invention a compound of formula (1) [wherein q is an integer 
1-6 and, where present, the group X is an oxygen atom] or a metal complex thereof may be prepared by 
reaction of a corresponding compound of formula (3) 

45 



so 



55 



H 

V 



\ 



N. 



(3) 



L-Z 



or a m tal compl x th reof. with a r agent 

D(CH 2 ) q P(0)(OR ,3 )R* or D(CH J ),,P(0)(OR 13 )2 (where D is a displac abl group, for xampl a halogen 
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atom such as a bromine atom or a suiphonyloxy group, such as a methanesulphonyloxy group; R 13 is a 
Ci -4 alkyl, e.g. methyl or ethyl group; and q and R* are as defined previously) followed where necessary 
by hydrolysis. 

The reaction may be performed in a solvent such as water or an organic solvent such as a nitrile e.g. 
5 acetonitrite or an alcohol, e.g. ethanoi or an amide e.g. dimethylformamide in the presence of a base such 
as an alkali metal carbonate or hydroxide, e.g. sodium, potassium or caesium carbonate, or sodium, 
potassium or lithium hydroxide, at an elevated temperature e.g. the reflux temperature. 

Where appropriate, hydrolysis may be achieved using a base, such as described above, in a suitable 
solvent, for example sodium hydroxide in an alcohol such as ethanoi. 
70 In this reaction, the group Z may need to be in a protected state. Conventional protecting groups may 
be used, depending on the nature of Z, and may be removed using standard procedures, once the desired 
reaction has been effected. 

Reagents D(CH 2 ) q P(0)(OR 13 )R 4 and D(CH 2 ) q P(0)(OR 13 )2 may be prepared by heating compounds of 
formulae P(OR 13 )2R* or P(OR 13 >3 with a compound CH2D2- 
15 In another process, a compound of formula (1) may be prepared by reaction of a compound of formula 
(3) or a metal complex thereof with a phosphine R*P(OR ,3 >2 and an aldehyde (for example formaldehyde or 
paraformaldehyde), followed by hydrolysis. 

The reaction may be performed in an organic solvent e.g. a nitrile, alcohol or amide, or an ether such 
as tetrahydrofuran, at an elevated temperature, for example the reflux temperature. Hydrolysis may be 
20 achieved using an acid, for example an inorganic acid such as hydrochloric acid, at an elevated 
temperature such as the reflux temperature. 

Compounds of formula (1) may also be prepared by interconversion from other compounds of formula 
(1). Thus one functional group Z may be exchanged for another and, if desired a linker group L changed to 
another by appropriate manipulative reactions. For example, a compound of formula (1) where -L-Z is a 
25 group -L 1 -NHCO-L 2 -Z (where -U-NHCO-L 2 represents the group L) may be prepared by reaction of a 
corresponding compound wherein -L-Z represents -U-NH 2 with a reagent R b O-L 2 -Z (where R b is for 
example am imide, such as succinimide, or a substituted phenyl group such as a p-nitrophenyl group) in 
the presence of a tertiary amine, such as diisopropylethylamine, is a solvent such as dimethylformamide. 
Reagents of formula R b 0-L 2 -Z are either known compounds or may be obtained from known starting 
30 materials using methods analogous to those used for the preparation of the known compounds. 

In another interconversion process, a compound of formula (1) wherein X where present is a sulphur 
atom may be prepared by reaction of a corresponding compound wherein X is an oxygen atom by reaction 
with a sulphide, for example phosphorous pentasutphide, at an elevated temperature. 

It will be appreciated that where it is desired to prepare a compound of formula (1) in which R, R\ R 2 
35 and R 3 are not the same this may be achieved by first selectively N-protecting the compound of formula (3) 
or a precursor using an appropriate amine protecting group(s), for example a p-toluenesulphonyl group as 
described below, in accordance with conventional practice. Reaction of the N-protected compound (3) using 
the methods described above followed by deprotection and further reaction as necessary then yields the 
desired compound in which R, R\ R 2 and R 3 are not the same. 
40 Where metal complexes of compounds of formulae (1) or (2) are required (or any other suitable 
macrocyclic intermediate described herein) these may be prepared by treating the compound with a metal 
salt (for example a metal halide) in an appropriate solvent for example an aqueous or non aqueous solvent, 
(e.g. acetonitrile, acetone, propylene carbonate, dimethylformamide or dimethylsulphoxide) at any suitable 
temperature from 0 • C to 100 • C such as 10 # to 80 • C e.g. around 60 • C. 
45 A conjugate compound of formula (2) or a metal complex thereof may be prepared by reaction of a 
corresponding compound of formula (1) or a metal complex thereof with an antibody Ab (as previously 
defined). 

The reaction may be performed in a suitable solvent, for example an aqueous solvent such as a 
phosphate buffer, at an appropriate temperature, for example at 0'C-30*C, especially 0*-10*C e.g. 4*C. 

50 The antibody Ab may be obtained using procedures well known in the art. If desired, before the 
coupling reaction, the antibody may first be treated to yield appropriate groups for reaction with the 
compound of formula (1). Thus for example the antibody may be subjected to oxidation, for example 
periodate oxidation to yield aid hyd groups, or, in particular, may be treated with a reagent [e.g. Traut's 
reagent (2-iminothiolane)] using standard procedures to generate free sulphydryl groups in the molecule. 

65 Salts of compounds of formula (1) or (2) and their metal complexes may be prepared by conventional 
means, for xampl by reaction with an appropriate bas or acid in a suitabl aqueous solvent. 
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Intermediates of formula (3) may be prepared by deprotection of a compound of formula (4) 



\ / 
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(where R u is a protecting group such as a p-toluenesulphonyl group). The deprotection will depend on the 
15 nature of the protecting group R t4 . Thus, for example, when R 14 is a p-toluenesulphonyl group removal of 
this may be achieved by treatment of the compound of formula (4) with an acid, for example HBr-acetic 
acid, in the presence of phenol at a high temperature, or by reaction with lithium and liquid ammonia in a 
solvent such as tetrahydrofuran in the presence of an alcohol such as ethanol. 

Intermediates of formula (4) may be prepared by treating a compound of formula (5) 

20 

R 14 NH(CHa ) 0 CH 2 N(R 14 )CH2 CH(L-Z)N<R' 4 )CH 2 (CH2 ) m NHR 14 (5) 

with a compound R 14 OCH2(CH2)dOR 14 in the presence of a base such as sodium ethoxide or caesium 
carbonate in a solvent such as dimethylformamide. 
25 Intermediates of formula (5) may be prepared by reaction of compounds of formula (6) 

R 1 * N H(CH2 )*CH 2 NHCH 2 CH(L-Z)NHCH 2 (CH 2 ) m NHR u (6) 

with a protecting agent, for example p-toluenesulphonyl chloride in a base such as pyridine. 
30 Intermediates of formula (6) in which m and n are the same may be prepared by reaction of a diamine 
of formula (7): 

H 2 NCH<L-Z)CH 2 NH 2 (7) 

35 with a reagent R 13 NH(CH 2 ) m COHal (where Hal is a halogen atom) in the presence of a base such as 
triethylamine, followed by reduction using for example borane in a solvent such as tetrahydrofuran at a high 
temperature e.g. the reflux temperature, followed by treatment with an acid such as hydrochloric acid. 

Where it is desired to prepare an intermediate of formula (9) in which m and n are not the same a 
protected amine H 2 NCH(L-Z)CH 2 NHR 14 may be used in the above reaction. Removal of the protecting 
40 group after the reaction followed by repeated alkylation with a different compound R 14 NH(CH 2 ) n COHal then 
yields the required intermediates. 

Diamines of formula (7) may be prepared from an appropriately substituted amino acid of formula (8): 

H2NCH(L-Z)COR2R 11 (8) 

45 

by reaction with ammonia in a solvent such as methanol, followed by reduction using for example lithium 
aluminim hydride. 

The substituted amino acids of formula (8) are either known compounds or may be prepared using 
methods analogous to those used for the preparation of the known compounds, 
so In an alternative process, intermediates of formula (5) may be prepared by reaction of a compound of 
formula (9) 

R 14 NHCH(L-Z)CH2 N(R U )CH 2 (CH 2 ) n NHR 14 (9) 

55 with a compound R 14 OCH2(CH2)dN(R 14 )(CH 2 ) m CH 2 OR 14 in th presenc of a bas such as caesium 
carbonat in a solv nt such as dim thylformamide. 

Int rmediat s of formula (9) may be prepared by reduction of compounds of formula (10): 
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H* NCH(L-2)C0NHCH2 (Chb )„NHR U (1 0) 

using for example borane as described above, followed by reaction to introduce the protecting group R u , 
for example with p-toluenesulphonyt chloride in a solvent such as dichloromethane in the presence of a 
5 base such as triethylamine at e.g. reflux. 

Intermediates of formula (10) may be prepared by reaction of an appropriately substituted amino acid of 
formula (8) (where R 11 is a methyl or ethyl group) with a diamine H 2 NCH2(CH 2 ) n NH2 at a high temperature, 
e.g. the reflux temperature. 

70 Description of Specific Embodiments 

The invention is illustrated by the following Intermediates and Examples. 

Intermediate 1 

15 

2,6-Diamino-1-hexanoic acid, ethylenediamine ester 

2,6-Diamino-l-hexanoic acid, methyl ester, di hydrochloride (10.263g) as added (as solid) in small 
batches over a 50 minute period to ethylenediamine (100ml) at 90 *C, with stirring. The temperature of the 
20 reaction mixture was then raised to 140*C for 6hrs, after which the ethylenediamine was removed by 
vacuum distillation to yield a brown residual oil which was taken up in 4M NaOH (25ml) and dried in vacuo . 
Methanol (30ml) was added, the solution was filtered, the methanol removed (Buchi) and the residue 
dissolved in CH2CI2 (100ml). then filtered, and the filtrate rotovated down to give the title compound as a 
clear brown oil (8.827g). i.r. (thin film) 3300/3280 3060 2930 2860 1650 1570 1470 1320cm~ 1 . 

25 

Intermediate 2 

1 ,5,9-Triamino-3-aza-nonane, tetrahydrochloride 

30 Intermediate 1 (3.754g) and borane-tetrahydrofuran (130mmol, 130ml) was reftuxed for 21 hours. After 
removal of volatiles, the aminoborane was washed with methanol (2 x 100ml) and hydrolysed with 6M HCI 
(150ml, 110*C) for 3 hours. The resulting solution was evaporated, methanol (20ml) added and further 
evaporated to yield the title compound (6.279g) as a white hygroscopic solid. 

35 Intermediate 3 

1 t 5-Diamino-(9-N-benzamidy))-3-aza-nonane 

intermediate 2 (6.16g) and potassium hydroxide (4.4g) was dissolved in water (50ml) and, with stirring, 
40 copper carbonate (2.603g) was added. Continued stirring over 30 minutes at 50 *C yielded an intense blue 
solution which was cooled to 0 * C and benzoyl chloride 2.5ml added in 0.25ml portions over 90 minutes 
keeping the pH greater than 9 with periodic addition of KOH pellets. The solution was then allowed to stir at 
room temperature for 1 hour, then filtered and the filtrate treated with H2S over 30 minutes. The solution 
was filtered once again to give a greeny-yellow filtrate which on addition of KOH to pHl4 went a dark green, 
45 with a small amount of green precipitate. This was filtered off, the filtrate reduced in volume to 40ml and 
exhaustively extracted (13x) with CH 2 Cb, dried (K2CO3), and evaporated to yield the title compound as a 
pale yellow oil <2.152g). 1H -NMR (250MHz), (CDCI3): 1.57 (m, 16H, CH 2 , NH, NH 2 ) 2.37 (dd, 1H. CH), 2.67 
(m 3H, CH2N), 2.79 (m, 3H, CH2 N). 

so Intermediate 4 

1,5-Ditosylamino-3-tosyl-(9-N-benzamidyl)-3-aza-nonane 

Intermediate 3 (1.978g) in dry CH2CI2 (50ml) was added dropwise to a solution of tosyl chloride 
55 (5.087g), in dry CH2CI2 (50ml) and the mixtur was th n allowed to stir for 2 1/2 hours at room t mperatur . 
The solution was then washed with water (20ml) dried (K2CO3), filtered and vaporated to an oily brown 
residue which was redissolv d in CH2CI2 (10ml). After a f w minutes a white solid precipitated which was 
collected by filtration and washed with CH2CI2 to give the title compound (1.701g). TLC (silica; 5% 
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methanol in CH2CI2) Rf 0.44 m/e Resorption ch mical ionisation (methanol)] 741 (M + + 1), 740 (M + ). 
Intermediate 5 

5 a^^N^Benzamidyljbutyl-N.hr^.N^'tetratosyl-l^^^O tetraazacyclododecane 

Intermediate 4 (1 .1 1 6g) was dissolved in anhydrous dimethylformamide (100ml) and caesium carbonate 
(1.032g) added under dry nitrogen. A solution of TsO(CH2kN(Ts)(CH 2 )2OTs(0.855g; where Ts represents 
tosyl). in anhydrous dimethylformamide (40ml) was slowly added, with stirring, over 3 hours. Stirring was 
70 continued at room temperature for 20 hours. The dimethylformamide was removed under reduced pressure 
and the residue dissolved in chloroform (200ml), washed with water (3 x 30ml) and dried (K2CO3) to yield 
the title compound , m/e [desorption chemical ionisation (iso-but)]: 964(M+ + 1). 963 (M + ). 

Intermediate 6 

75 

2-(4-N-Benzamidy l)buty M ,4,7.1 0-tetraazacyclododecane 

The titje compound was prepared from Intermediate 5 by the method described in International Patent 
Specification No. WO 89/01476. 

20 

Example 1 

Preparation of a compound of formula (la) wherein q is an integer 1. L is -(CH 2 )*-, Z is -NH2 and R, R\ 
R 2 . and R 3 is each a group -P(OHOCH 2 CH 3 )CH 3 . 

25 BrCH2P(0)(OCH 2 CH3)CH 3 [m/e (ci) 201/203 (M + + 1); p(CDCI 3 ) +47.1 (s); H (CDCI 3 ) 4.10 (2H, dq. 
CH2O); 3.43 (2H, d. J = 7, CH2 Br), 1.60 <3H, d, P-CH 3 , J = 14), 1.23 <3H, t, J=7) prepared by heating 
CH2Br 2 and CH 3 P(OCH 2 CH 3 ) 2 ] in dimethylformamide (5ml) was added to a solution of Intermediate 5 in 
dimethylformamide (5ml) containing J^COs, in a molar ratio of 2:1. The mixture was heated at 80 'C under 
nitrogen and further base and bromo-derivative added as necessary until HPLC analysis revealed that the 

30 reaction was essentially complete. The solvent was then removed in vacuo and, after filtration, the product 
was dissolved in 6M hydrochloric acid (10ml) and heated to 140 a C under nitrogen overnight. The reaction 
mixture was then concentrated in vacuo and co-evaporated with dry dimethylformamide to yield the 
compound of formula (la) described above, which was then hydrolysed to the corresponding tetraacid (i.e. 
where R, R\ R 2 and R 3 is each -P(0)(OH)CH 3 using hydrochloric acid as described in Example 2. 

35 

Example 2 

Preparation of a compound of formula (la) wherein q is an integer 1. L is -(CH 2 )*-, Z is -NH2 and R, R\ 
R 2 and R 3 is each a group -P(0)(OH)CH 3 . 

40 (a) To a solution of Intermediate 6 (0.36g) in dry tetrahydrofuran (25ml) was added diethoxymethyl- 
phosphine (0.65g) and then paraformaldehyde (0.1 8g) and the mixture was heated to reflux for 24h with 
removal of water (Soxhlet, 4A molecular sieves). After filtration and evaporation of solvent, the residue 
was purified by chromatography on neutral alumina (0 — 3% MeOH in CH 2 Cfe) to yield a colourless oil 
(0.253g) Rt (CM300. 'standard' conditions) = 5.7 min. d H (CDCb) 1.18-1.23 (12H. mult, CHaCr^), 1.25- 

46 1.50 (18H, mult, CH 3 P + CH 2 C), 2.23-3.82 (25H, mult., CH 2 N ring + CH 2 P +CH 2 NHCO), 3.93-4.03 (8H, 
mult., CH 2 )). 7.34 (3H. mult., aryl CH). 7.66 (1H, brt. NHCO) 8.07 (2H, dd. ortho CH). 
dp (CDCb) 50.4-52.3 (mult). d c (CDCI 3 ) 164.8 (CONH), 132.5 (s. C5H5CO); 128.3. 125.5, 124.7 (CH 
arom); 60.5 (CH 2 0); 59.2, 58.2, 58.1, 58.0. 56.8, 56.3. 55.9, 55.0. 54.7, 51.7, 51.5, 51.0, 49.7 (CH 2 N 
diastereoisomers). 40.9 (CH 2 NHCO), 31.0 (br.s., CH 2 C); 29.6, 29.5 (CH 2 C)-26.4 (CH2C); 19.2 (CH 3 CH 2 ); 

50 16.1 and 15.9 (d + d, Jep 91 Hz, CH 3 P diastereoisomers (3:1)). max (film) 3400, 3200 (NH); 2965. 2910. 
2820 (CH); 1645 (s., NHCO). 1205 (vs) 1035 (vs), 954 (s) cm" 1 , m/e (d.c.i.) 829 (M+ + 1). 
(b) A solution of the tetraester (0.1 85g) of Part (a) in hydrochloric acid (6M, 25ml) was heated to reflux 
for 48h. After cooling, washing with ether (2x5 ml), dichloromethane (2 x 5ml) and evaporation under 
high vacuum (0.01mm Hg) a colourless glass was obtain d of th tetrahydrochloride salt of the 

55 compound of the Example (0.1 53g). 

MtfcO) 4.1-2.5(25H,m)1 .9-1 .1 (1 18H,m). 
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Example 3 



To a solution of the tetraacid Example 2(63.2mg) and N-methylmorpholine (72.5mg) in dry dimethylsul- 
phoxide (1 .5ml) was added a solution of N-succimimidyl-3-maleimidopropionate (42.4mg,) in dry dimethyl- 
sulphoxide (1.0ml). The mixture was stirred overnight at 20 *C and the reaction was monitored by HPLC 
(Dynamax C18 60A 21.4mm column, A = 0.1% TFA-H 2 0, C = 0.1% TFA-MeCN : t = 0 A=95%, C = 5%. 
t = 20 mins. A = 5% C = 95%; 1low = 10.0 ml/min). Reaction was essentially complete after 3h. 

The reaction mixture was purified by HPLC (Dynamax CI8 60A 21.4 min column; A = 0.1% TFA-H 2 0, 
C = 0.1% TFA-MeCN: t = 0 A = 95% C = 5% f t = 20.0mins A = 55% C = 45%, flow = 1 0.0m l/min) to yield as a 
colourless solid (50.0mg) the compound of formula (la) in which q is an integer 1, L is -(CH 2 )4-1, 



and R ( R\ R 2 and R 3 is each a group -P<0)(OH)CH 3 .m/e (FAB, m-nitrobenzylalcohol) 763 (M* + 1); S H (D2O) 
6.64 (2H. 5), 4.0-2.6 (27H, 6m. N-CH 2 , N-CH, OCN CH 2 . CH 2 P), 2.5ppm (6H. S)-1 molecule DMSO 
complexed, 2.26 (2H, t, J= CH 2 -C) and 1.8 - 1.0 ppm (18H, 6m overlapped doublets at 1.2ppm, -CH 2 -, 
CHa-P). — 



(a) To a solution of 1, 4, 7, 10- tetraazacyclododecane (0.5g) in dry tetrahydrofuran (30ml) was added 
diethoxymethylphosphine (2.37g) and paraformaldehyde (1.1 3g) and the mixture was heated to reflux 
with azeotropic removal of water (Soxhlet, 3A sieves). After 18h solvent was removed under reduced 
pressure and the residue was purified by chromatography on alumina (0 2% CH 3 OH in CH 2 CI 2 ) to yield 
as a pale yellow oil the compound of formula (1a) in which q is an integer 1, L is a covalent bond, Z is -H 
and R, R\ R 2 and R 3 is each a group -P(0)(OCH 2 CH 3 )CH 3 (948mg). RF 0.5 (5% MeOH/CH 2 CI : AI 2 Cb). 
dp (CDCIa) 51.6, 51.8, 51.9 (diastereoisomers) b c (CDCI3) 13.44 (d. Jcp 91 Hz, PCH 3 ), 16.42 (CH 3 ), 54.18 
(CH 2 N ring), 54.30 (d, J CP 110Hz, CH 2 P), 59.82 (CH2O). d H (CDCI 3 ) 1.31 (12H. t, CHaCr^), 1.57 (12H, d, 
J = 13.7Hz. CH 3 P), 2.64-3.07 (24H, mult., CH 2 N), 4.07 (8H, dq. CH 2 0). m/e (d.c.i.) 652(M + ), 533 (M + - 
PCaHaOz). 

(b) The tetraester (115mg) in hydrochloric acid (6M, 20ml) was heated to reflux (110 # C) for 36h. After 
removal of solvent and drying under vacuum (40 # C, 0.01 mmHg) a glassy foam was obtained. 6(1^0) 
41.03. dcfCfcO) 14.86 (d. Jcp 94Hz, CH 3 P), 50.70 (CHfeN), 51.64 (d, J CP , 118.3 Hz. C^P) d H (D2O) 1.41 
(12H, d. J = 14.1 Hz, CH 3 P), 3.37 (24H, br. CH 2 N) m/e (negative FAB, glycerol) 540 + (M*), 539 (MM), 
538 (M + -2). 

(c) Preparation of the Yttrium Complex 

To a solution of the tetraphosphinic acid of Part b (99mg) in MilliQ water (10ml) was added yttrium oxide 
(20.8mg) and the suspension was heated at 80* C for 2h. After removal of solvent a colourless glass was 
obtained, m/e (negative FAB, glycerol) 625 (M~), 626 (NT + 1). 6 C (OaO. pD = 0.7) 15.7 (d, J CP 96Hz, 
PCH 3 ), 52.1 (d, Cr^P), 50.6 (CHaN, br). 6» (CbO) 1.41 and 1.39 (12H, d + d. (ratio 3:1), J PH = 14.5 and 
14.1 Hz), 3.20 (24H, brs, CH 2 N). 

(d) Preparation of the Gadolinium Complex 

The gadolinium (111) complex of the acid of Part b was prepared as described above using 400 mg of 
the acid and 133 mg of Gd 2 0 3 . The suspension dissolved within 30 min. of mixing at 70 *C and the 
resultant glassy solid was stable (with respect to formation of insoluble Gd(OH 3 ) at pHl 1. 

(e) Preparation of the 90 Y Complex 

To a solution of the tetraphosphinic acid of Part b (5udm 3 ) in tetramethylammonium mor- 
pholinoethanesulphate (MES) buffer (0.1 M, pH. 6.8, 90uam 3 ) at 37 *C was added 5uCi of 90Y (5udm 3 of 
an aqueous solution of the trichloride). After 0.5h. the mixture was analysed by HPLC (AX 300: 0.2M 
NH4OAC : 10% CH 3 CN) with radiometric detection (LKB radiation detector) following quenching of the 
labelling reaction by addition of a 500 fold xcess of di thyl n triaminepentaacetic acid DTPA. 
Radiolabelling yi Ids of 82% w re d termined (hplc radiometry integrating the 90 Y-ligand p ak (4.5 
mins.) against 90 Y-DTPA. (15mins.). After maintaining the complex at this pH at 298K in the pr sence of 
a 500 fold exc ss of DTPA, no chang in th r lative concentration of compl x was deserv d at 24, and 




o 



Example 4 



72h. 
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Claims 

1. A compound of formula (1): 




(1) 



wherein 

m and n, which may be the same or different, is each zero or an integer 1 , 2, or 3; 

d is zero or an integer 1 , 2 or 3; 

q is zero or an integer from 1 to 6 inclusive; 

R, R\ R 2 and R 3 , which may be the same or different, is each a hydrogen atom or a group -P(0)(XH)R* 
(where X is an oxygen or sulphur atom and R 4 is a hydrogen atom or an alkyl or alkoxy group), with 
the proviso that at least one of R, R\ R 2 , and R 3 is a -PfOXXHJR 4 group; 
L is a covalent bond or a linker group; 

Z is a reactive functional group capable of reacting with a thiol, amino, carboxyl, hydroxyl, aldehyde, 

aromatic or heteroaromatic group; 

and metal complexes and/or salts thereof. 

2. A conjugate compound of the formula: 




<CH 2 >d <CH 2 )qfV 
N„ 



CCH,), 



2'm 



N 



L — 



w 



•Ab 



wherein 

m and n, which may be the same or different, is each zero or an integer 1 , 2, or 3; 

d is zero or an integer 1, 2 or 3; 

q is zero or an integer from 1 to 6 Inclusive; 

R, R\ R 2 and R 3 , which may be the same or different, is each a hydrogen atom or a group -P(0)(XH)R* 
(where X is an oxygen or sulphur atom and R 4 is a hydrogen atom or an alkyl or alkoxy group), with 
the proviso that at least one ol R, R\ R 2 , and R 3 is a -P(0)(XH)R 4 group; 
L is a covalent bond or a linker group; 

Z y is th r sidue of a reactive functional group capable of reacting with a thiol, amino, carboxyl, 
hydroxyl, aldehyde, aromatic or heteroaromatic group; 
w is 0 or 1 , 

z is an integ r 1 or mor ; and 
Ab is an antibody; 
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and metal complexes and salts thereof. 

3. A compound according to claim 1 or claim 2 wherein d, n and m is each the Integer 1. 

4. A compound according to any preceding claim wherein R, R\ R 2 and R 3 are the same and is each a 
group -P(0)(XH)RV 

5. A compound according to claim 4 wherein R, R\ R 2 and R 3 is each a group -P(0)(OH)CHa. 

6. A compound according to any of the preceding claims wherein q is an integer 1 . 

7. A compound according to any preceding claim wherein L is a linker group. 

& A compound according to claim 7 wherein L is an optionally substituted aliphatic hydrocarbyl chain, 
optionally interrupted by one or more heteroatoms selected from -O- or -S- or by one or more -N(R 5 )- 
(where R 5 is a hydrogen atom or a Ci-& alkyl group), -CONfR 5 )-, -NfR^CO, cycloaliphatic, aromatic or 
heteroaromatic groups. 

9. An indium, yttrium, gallium or gadolinium complex of a compound according to any of the preceding 
claims. 

10. An yttrium complex of a compound according to any of the preceding claims, 
PatentansprUche 

1. Verbindung der Formel (1): 



worin 

m und n, welche gleich oder verschieden sein kdnnen, jeweils Null oder eine ganze Zahl 1, 2 Oder 3 
sind; 

d Null oder eine ganze Zahl 1, 2 oder 3 ist; 

q Null oder eine ganze Zahl von 1 bis einschliefllich 6 ist; 

R, R\ R 2 und R 3 , welche gleich oder verschieden sein kSnnen, jeweils ein Wasserstoffatom oder eine 
Qruppe -P(0)P<H)R 4 (worin X ein Sauerstoff- oder ein Schwefelatom ist und R 4 ein Wasserstoffatom 
oder eine Alkyl- oder Alkoxygruppe ist) sind, mit der Mafigabe. daB mindestens eine von R. R\ R 2 und 
R 3 eine -P(0)(XH)R* -Gruppe ist; 

L eine kovalente Bindung oder eine Verbindungsgruppe ist, 

Z eine reaktive funktionelle Gruppe ist. die mit einer Thiol-, einer Amino-, einer Carboxyl-, einer 
Hydroxyl-, einer Aldehyd-, einer aromatischen oder einer heteroaromatischen Gruppe reagieren kann; 
und Metallkomplexe und/oder Salze davon. 




(1) 
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2, Konjugatverbindung d r Formel 




worin 

20 m und n, welche gleich oder verschieden sein k6nnen, jeweils Null Oder eine ganze Zahl 1, 2 oder 3 
sind; 

d Null oder eine ganze Zahl 1 , 2 oder 3 ist; 

q Null oder eine ganze Zahl von 1 bis einschtieBlich 6 ist; 

R, R\ R 2 und R 3 , welche gleich oder verschieden sein konnen, jeweils ein Wasserstoffatom oder eine 
25 Gruppe -P(0)(XH)R* (worin X ein Sauerstoff- oder ein Schwefelatom ist und R* ein Wasserstoffatom 
oder eine Alkyl- oder Alkoxygruppe ist) sind, mit der MaBgabe, dafi mindestens eine von R, R\ R 2 und 
R 3 eine -P(0)(XH)R i -Gruppe ist; 

L eine kovaiente Bindung oder eine Verbindungsgruppe 1st, 

Z 1 der Rest einer reaktiven funktionellen Gruppe ist, die mit einer Thiol-, einer Amino-, einer Carboxyh 
30 einer Hydroxyl-, einer Aldehyd-, einer aromatischen oder heteroaromatischen Gruppe reagieren kann; 
w 0 oder 1 ist, 

z eine ganze Zahl 1 oder gr68er ist; und 

Ab ein Antikorper ist; 

und Metallkomplexe und Salze davon. 

35 

3. Verbindung nach Anspruch t oder Anspruch 2. worin d, n und m jeweils die ganze Zahl 1 sind. 

4. Verbindung nach einem vorhergehenden Anspruch, worin R, R\ R 2 und R 3 gleich und jeweils eine 
Gruppe -P(0)(XH)R* sind. 

40 

5. Verbindung nach Anspruch 4, worin R, R\ R 2 und R 3 jeweils eine Gruppe - P(0)(OH)CH3 sind. 

6. Verbindung nach einem vorhergehenden Anspruch, worin q eine ganze Zahl 1 ist. 

45 7. Verbindung nach einem vorhergehenden Anspruch, worin L eine Verbindungsgruppe ist. 

a Verbindung nach Anspruch 7, worin L eine gegebenenfalls substituierte, aliphatische Hydrocarbylkette 
ist, die gegebenenfalls unterbrochen ist durch: ein oder mehrere Heteroatome, die aus -O- oder -S- 
ausgewShlt sind, Oder eine Oder mehrere -N(R 5 )- (worin R 5 ein Wasserstoffatom oder eine Ci- 6 - 
50 Alkylgruppe ist), -CON(R 5 )-, -N(R 5 )CO, cycloaliphatische, aromatische oder heteroaromatische Grup- 
pen. 

9. Indium-, Yttrium-, Gallium- oder Gadoliniumkomplex einer Verbindung gemSfi einem d r vorhergeherv 
d n AnsprOche. 

55 

10. Yttriumkomplex einer Verbindung gemSS einem der vorhergehenden AnsprOche. 
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Revendications 

1 . Compost de formula (1 ): 




dans laquelle 

m et n, qui peuvent etre identiques ou differents, sont chacun e*gaux a ze>o ou sont chacun un nombre 
entier egaf a 1 , 2 ou 3; 

d est ze>o ou un nombre entier 6gal a 1 , 2 ou 3; 

q est ze>o ou un nombre entier de 1 a 6, bomes comprises; 

R, R\ R 2 et R 3 , qui peuvent §tre identiques ou diffe'rents. sont chacun un atome d'hydrogene ou un 
groupe -P(0)(XH)R 4 (dans lequel X est un atome d'oxygene ou de soufre et R 4 est un atome 
d'hydrogene ou un groupe alkyle ou alcoxy), a condition que Tun au moins des radicaux R, R\ R 2 et 
R 3 soit un groupe -P(0)(XH)R*; 
L est une liaison covalente ou un groupe de liaison; 

Z est un groupe fonctionnel r^actif capable de reagir avec un groupe thiol, amino, carboxyle, hydroxyle, 

aldehyde, aromatique ou heteroaromatique; 

et les complexes et/ou les sels m£taJliques de ce compost. 

2. Compost conjugue de formule: 



R^CH^q 



N 



N 



— ( (CH^R 3 



L 



<z'>, 



w 



-Ab 



dans laquelle 

m et n, qui peuvent §tre identiques ou diffeVents. sont chacun egaux a ze>o ou sont chacun un nombre 
entier 6gal a 1 , 2 ou 3; 

d est ze>o ou un nombre entier £gal a 1, 2 ou 3; 

q est zero ou un nombre entier de 1 a 6, bornes compris s; 

R, R\ R 2 et R 3 , qui peuvent §tre identiques ou diffeVents, sont chacun un atome d'hydrogen ou un 
groupe -PfONXHJR 4 (dans I qu I X st un atom d'oxygen ou de soufr et R* est un atome 
d'hydrogene ou un groupe alkyle ou alcoxy). a condition que Tun au moins des radicaux R, R\ R 2 et 
R 3 soit un groupe -P(0)(XH)R*; 
L est une liaison covalente ou un groupe de liaison; 
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Z est le nisidu cTun groupe fonctionnel reactif capable de reagir avec un groupe thiol, amino, carboxyle, 
hydroxy le, aldehyde, aromatique ou h6te>oaromatique; 
w est 0 ou 1; 

z est un nombre entier de 1 ou plus; et 
Ab est un anticorps; 

et les complexes et/ou les sels m&alliques de ce compost. 

3. Compost selon la revendication 1 ou la revendication 2, dans lequel d, n et m sont chacun le nombre 
entier 1 . 

4. Compose selon Tune quelconque des revendications pr6ce*dentes, dans lequel R, R\ R 2 et R 3 sont 
identiques et chacun est un groupe -P(0)(XH)R*. 

5. Compose* selon la revendication 4, dans lequel R, R\ R 2 et R 3 sont chacun un groupe -P<0)(OH)CH 3 . 

6. Compose* selon Tune quelconque des revendications prec^dentes. dans lequel q est le nombre entier 
1. 

7. Compose* selon i'une quelconque des revendications prgcSdentes, dans lequel L est un groupe de 
liaison. 

8. Compose* selon la revendication 7. dans lequel L est une chatne hydrocarbyle aliphatique, eventuelle- 
ment substitute, eventuellement interrompue par un ou plusieurs h6te>oatomes choisis parmi -O- ou 
-S- ou par un ou plusieurs groupes -N(R 5 )- (ou R 5 est un atome d'hydrogene ou un groupe alkyle en 
Ci-Cs), -CON(R 5 )-, -N(R 5 )Cf>, cycloaliphatiques, aromatiques ou heteroaromatiques. 

9. Complexe d'indium, d'yttrium, de gallium ou de gadolinium d'un compost selon Tune quelconque des 
revendications prec£dentes. 

10. Complexe d'yttrium d'un compose* selon Tune quelconque des revendications prdcedentes. 
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